M alignant bowel obstruction (MBO) is a catastrophic complication of cancer that often requires hospitalization and a multidisciplinary approach in its management. Hospitalists frequently collaborate with such specialties as Hematology/Oncology, Surgery, Palliative Medicine, and Interventional Radiology in arriving at a treatment plan.
Initial management is focused on hydration, bowel rest and decompression via nasogastric (NG) tube. Surgical resection or endoscopic stenting should be considered early. 1 However, patients who present in the terminal stages may be poor candidates for these options due to diminished functional status, multiple areas of obstruction, complicated anatomy limiting intervention, or an associated large volume of ascites.
Presence of inoperable MBO portends a poor prognosis, often measured in weeks. 2 Presentation often occurs in the context of a sentinel hospitalization, signifying a shift in disease course. 3, 4 It is essential for hospitalists to be familiar with noninvasive therapies for inoperable MBO given the increasing role of hospitalists in providing inpatient palliative care. Palliative pharmacologic management of MBO can reduce symptom burden during these terminal stages and will be the focus of this paper.
BACKGROUND AND PATHOPHYSIOLOGY
Malignant bowel obstruction occurs in about 3%-15% of patients with cancer. 2 A consensus definition of MBO established the following specific criteria: (1) clinical evidence of bowel obstruction, (2) obstruction distal to the ligament of Treitz, and (3) the presence of primary intra-abdominal cancer with incurable disease or extra-abdominal cancer with peritoneal involvement. 5 The most common malignancies are gastric, colorectal, and ovarian in origin. 1, 2 The most common extra-abdominal malignancies associated with MBO are breast, melanoma, and lung. MBO is most frequently diagnosed during the advanced stages of cancer. 2 The obstruction can involve a partial or total blockage of the small or large intestine from either an intrinsic or extrinsic source. Peristalsis may also be impaired via direct tumor infiltration of the intestinal walls or within the enteric nervous system or celiac plexus. Other etiologies of MBO include peritoneal carcinomatosis and radiation-induced fibrosis. 1, 6 The obstruction can occur at a single level or involve multiple areas, which usually precludes surgical intervention. 2 Symptoms of MBO can be insidious in onset and take several weeks to manifest. The most prevalent symptoms are nausea, vomiting, constipation, abdominal pain, and distension. 2, 6 The intermittent pattern of symptoms may evolve into continuous episodes with spontaneous remission in between. The etiology of symptoms can be attributed to distension proximal to the site of obstruction with concomitantly increased gastrointestinal and pancreaticobiliary secretions.
The distension creates a "hypertensive state" in the intestinal lumen causing enterochromaffin cells to release serotonin which activates the enteric nervous system and its effectors including substance P, nitric oxide, acetylcholine, somatostatin, and vasoactive intestinal peptide (VIP). These neurotransmitters stimulate the secretomotor actions that cause hypersecretion of mucus from cells of the intestinal crypts. Additional water and sodium secretions accumulate due to the expanded surface area of the bowel.
1,2 Overloaded with luminal contents, the bowel attempts to overcome the obstruction by contracting, which 
INITIAL MANAGEMENT
Fluid resuscitation, electrolyte repletion, and a trial of NG tube decompression are part of the initial management of MBO ( Figure 1) . While studies have shown that moderate intravenous hydration can minimize nausea and drowsiness, excessive fluids may worsen bowel edema and exacerbate vomiting. 1, 8 NG tube decompression is most effective in patients with proximal obstructions but some studies suggest it can decrease vomiting in patients with colonic obstructions as well. 9 Computed tomography imaging can identify the extent of the tumor, the transition point of the obstruction, and any distant metastases. Surgery, Gastroenterology, and/or Interventional Radiology consultation should be obtained early to evaluate options for direct decompression. Hematology/ Oncology and Radiation/Oncology referral may help delineate prognosis and achievable outcomes. Emergent exploratory surgery may be required in cases of bowel perforation or ischemia. Otherwise, a planned surgical resection should be considered in those with an isolated resectable lesion and acceptable perioperative risk. Colorectal or duodenal stents may be an option for those who are not surgical candidates or as a bridge to surgery.
As bowel obstruction is often a late manifestation of advanced malignancy, many patients may not be appropriate candidates for operative/interventional treatment due to malnutrition, comorbid conditions, or anatomic considerations. For these individuals, pharmacologic management is the mainstay of treatment. Additionally, the pharmacologic approaches detailed below may provide benefit as adjunctive therapy for patients undergoing procedural intervention. 7 Consultation for early palliative care can improve symptom control as well as clarify goals of care.
PHARMACOLOGIC MANAGEMENT
Given the pathophysiology of MBO, pharmacologic therapies are focused on controlling nausea and pain while reducing bowel edema and secretions.
Antiemetic Agents
Nausea and vomiting in MBO are due to activation of vagal nerve fibers in the gastric wall and stimulation of the chemoreceptor trigger zone (CTZ). 10 Dopamine antagonists have started to gain favor for MBO compared to more commonly used antiemetics such as the serotonin antagonists. Haloperidol should be considered as a first-line antiemetic in patients with MBO. Its potent D 2 -receptor antagonistic properties block receptors in the CTZ. The high affinity of the drug for only the D 2 -receptor makes it preferable to alternative agents in the same class such as chlorpromazine. However, haloperidol may cause or worsen QT prolongation and should be avoided in patients with Parkinson's disease. The medication has less sedative and unwanted anticholinergic side effects due to its limited interaction with histaminergic and acetylcholine receptors. 11 Haloperidol has been shown in the past to be efficacious for post-operative nausea but there are few randomized controlled trials in the terminally ill. 12 Nonetheless, recent consensus guidelines from the Multinational Association of Supportive Care recommended haloperidol as the initial treatment of nausea for individuals with MBO based on available systematic reviews. 10 Other dopamine antagonists remain good options, though they may cause additional side effects due to actions on other receptor types. Metoclopramide, another D 2 -receptor antagonist, has been shown to be effective in the treatment of nausea and vomiting due to advanced cancer. 13 However as a prokinetic agent, this medication should be avoided in those with complete MBO and only considered in those with partial MBO. 10, 14 Olanzapine, an atypical antipsychotic, may also have a role in controlling nausea in patients with MBO. It functions as a 5-HT 2A and D 2 -receptor antagonist, with a slightly greater affinity for the 5-HT 2A receptor. Olanzapine thus can target two critical receptors playing a role in nausea and vomiting. A study of patients with incomplete bowel obstruction found the addition of olanzapine significantly decreased nausea and vomiting in patients who were refractory to other treatments including steroids and haloperidol. 15 Olanzapine has the added advantage of single-day dosing as well as an oral disintegrating formulation. 16 Intravenous and sublingual preparations of 5-HT 3 receptor antagonists such as ondansetron are commonly used in the inpatient setting. These medications are potent antiemetics that exhibit their effects via pathways where serotonin acts as a neurotransmitter. 17 An alternative agent, tropisetron, has shown promise when used alone or in conjunction with metoclopramide but is not currently available in the US. 18 Granisetron is available in a transdermal formulation, which can be very convenient for patients with bowel obstruction. Its mechanism of action differs from ondansetron as it is an allosteric inhibitor rather than a competitive inhibitor. 19 Granisetron needs more specific study with regards to its role in MBO.
Although haloperidol remains the initial choice, combination therapy can help to decrease the risk of extrapyramidal symptoms seen with higher doses of dopaminergic monotherapy.
Analgesics
Pain control is an essential part of the palliative treatment of MBO as bowel distention, secretions, and edema can cause rapid onset of pain. Parenteral step three opioids remain the optimal initial choice since patients are unable to take medications orally and may have compromised absorption. Opioids address both the colicky and continuous aspects of MBO pain.
Short-acting intravenous opioids such as morphine or hydromorphone may be scheduled every four hours with breakthrough dosing every hour in between. Alternatively, analgesics can be administered via a patient-controlled analgesia (PCA) pump. 1 Although doses vary across patients, opioid-naïve patients can be initiated on a low dose therapy such as hydromorphone 0.2 mg IV/SC or morphine 1 mg IV/SC every four hours as needed for pain control.
Ongoing pain management for patients with MBO requires coordination of care. Many patients will elect to receive hospice care following discharge. Direct communication with palliative consultants and hospice providers can help facilitate a smooth transition. In patients for whom bowel obstruction resolves, transition to oral opioids based on morphine equivalent daily dose is indicated with further dose adjustment as patients may have reduced pain at this stage.
Options for patients with unresolved obstruction include transdermal and sublingual preparations as well as outpatient PCA with hospice support. Transdermal fentanyl patch can be useful but onset of peak levels occur within 8-12 hours. 20 The patch is usually exchanged every 72 hours and is most effective when applied to areas containing adipose tissue which may limit its use in cachectic patients. The liquid preparation of methadone can be useful even in patients with unresolved MBO. Its lipophilic properties allow for ease of absorption. 21 A baseline electrocardiogram (EKG) is recommended prior to methadone initiation due to the potential for QT prolongation. Methadone should not be a first-line option for opioid-naïve individuals due to its longer onset of action which limits rapid dose titration. Close collaboration with palliative medicine is highly recommended when using longer acting opioids.
Antisecretory Agents
Antisecretory agents are a mainstay of the pharmacologic management of inoperable MBO. Medications that reduce secretions and bowel edema include: somatostatin analogs, H2-blockers, proton pump inhibitors (PPIs), steroids, and anticholinergic agents. Table 2 summarizes the major studies comparing various antisecretory medications.
Octreotide, a somatostatin analog, has been increasingly used for the palliative treatment of MBO. The mechanism of action involves splanchnic vasoconstriction, reduction of intestinal and pancreatic secretions (via inhibition of VIP), decrease in gastric emptying, and slowing of smooth muscle contractions. 22 Octreotide comes in an immediate-release formulation with an initial subcutaneous dose of 100 µg three or four times per day. Most patients will require 300-800 µg/day, maximum dose being up to 1 mg/day. 22, 23 A long-acting formulation, lanreotide, exists but can be difficult to obtain and may not provide the immediate relief needed in an acute care setting.
Initiation of octreotide should be considered in the presence of persistent symptoms. Studies have suggested that the benefit of octreotide is most apparent in the first three days of treatment (range 1-5 days). 6, 22, 24 The medication should be discontinued if there is no clinical improvement such as reduction of NG tube output. Octreotide has been shown to be more efficacious than anticholinergic agents in reducing secretions as well as frequency of nausea and vomiting. 8, [25] [26] [27] [28] Octreotide expedites NG tube removal, recovery of bowel function, and improvement in quality of life. [29] [30] [31] [32] The medication should also be considered in cases of recurrent MBO that previously responded to the medication. Octreotide is considered the first-line agent in the palliative treatment of MBO, however the medication is costly. Recent studies suggest combination therapy with steroids and H2-blockers or PPIs may be an equally effective and less expensive alternative. The primary rationale for the use of steroids in MBO is their ability to decrease peritumoral edema and promote salt and water absorption from the intestine.
1,2 PPIs and H2-blockers decrease distension, pain, and vomiting by reducing the volume of gastric secretions. 33 A recent meta-analysis of phase 3 trials found both PPIs and H2-blockers to be effective in lowering volumes of gastric aspirates with ranitidine being slightly superior. 34 Initial research into the utility of steroids in MBO garnered mixed results. One study showed marginal benefit for steroid plus octreotide combination therapy compared to octreotide, in a cohort of 27 patients. 35 A subsequent review of practice patterns in the management of terminal MBO in Japan found that patients given steroids in combination with octreotide compared to octreotide alone were more likely to undergo early NG tube removal. 36 A 1999 systematic review of corticosteroid treatment of MBO concluded low morbidity associated with the medications with a trend toward benefit that was not statistically significant. 37 A 2015 study by Currow showed the addition of octreotide in patients already on a regime of dexamethasone and ranitidine did not improve the number of days free from vomiting but did reduce vomiting episodes in those with the most refractory symptoms. 38 Collectively, the studies suggest that combination therapy Significant mean percentage reduction in vomiting episodes and nausea scores in the octreotide group between day 0 and 3 (P < .05).
Mercadante et al. 26 18 patients with inoperable MBO Octreotide (300 µg/24 hours); n = 9
Scopolamine butylbromide (60 mg/24 hours); n = 6
Reduction in vomiting episodes at each day for 72 hours Significant reduction in mean vomiting episodes in the octreotide group mostly noted on day 1 and 2 after administration -2 (P < 0.01; P < .004, respectively).
Ripamonti et al. 8 17 patients with inoperable MBO Octreotide (300 µg/24 hours); n = 9
Scopolamine butylbromide (60 mg/24 hours); n = 8
Daily volume of NGT secretions at each day for 72 hours Significant reduction in NGT secretions in the octreotide group at days 2-3 (P = .016 and P = .020, respectively).
Abbreviations: IV, intravenous; MBO, malignant bowel obstruction; NGT, nasogastric tube; PPI, proton pump inhibitor.
with steroid and PPI or H2 blocker could be a less expensive option in the initial management of MBO. Alternatively, steroids may provide additional relief in patients with continued symptoms on octreotide and H2-blockers. Dexamethasone is preferable given its longer half-life and decreased propensity for sodium retention. Dosing of dexamethasone should be 8 mg IV once a day. 38 Anticholinergic agents also reduce secretions. However, they are considered second-line therapy given their lower efficacy compared to other treatment options as well as their propensity to worsen cognitive function.
1,2 Anticholinergics may benefit patients with continued symptoms who cannot tolerate the side effects of other treatments. Scopolamine, also known as hyoscine hydrobromide in the US, should be avoided as it crosses the blood-brain barrier. The quaternary formulation, scopolamine butylbromide (hyoscine butylbromide), does not pass this barrier but is currently not available in the US. Glycopyrrolate may be considered as it is also a quaternary ammonium compound that does not cross the blood-brain barrier. Several case reports have described its effectiveness in the resolution of refractory nausea and vomiting in combination with haloperidol and hydromorphone for symptom control. 39 Effective oral care is imperative if anticholinergics are used in order to prevent the unpleasant feeling of dry mouth.
SUBSEQUENT SUPPORTIVE CARE
While initial management of MBO often requires placement of an NG tube, prolonged placement can increase the risk for erosions, aspiration, and sinus infections. Removal of the NG tube is most successful when secretions are minimal, but this may not happen unless the obstruction resolves. Some patients may elect to keep an NG tube if symptoms cannot be otherwise controlled by medications.
A venting gastrostomy tube can be considered as an alternative to prolonged NG tube placement. The tube may help alleviate distressing symptoms and can enhance the quality of life of patients by allowing the sensation of oral intake, though it will not allow for absorption of nutrients. 40 Although a low risk procedure, patients may be too frail to undergo the procedure and may have postprocedure pain and complications. Anatomic abnormalities such as overlying bowel may also prevent the noninvasive percutaneous approach.
In patients with unresolved obstruction, oral intake should be reinitiated with caution with the patient's wishes taken into account at all times. Some patients may prioritize the comfort derived from eating small amounts over any associated risks of increased nausea and vomiting.
Parenteral nutrition should be avoided in those with inoperable MBO in the advanced stages. The risks of infection, refeeding syndrome, and the discomfort of an intravenous line and intermittent testing may outweigh any benefits given the overall prognosis. 41, 42 
CONCLUSION
Hospitalists are often involved in the initial care of patients with advanced malignancy who present with MBO. When interventions or surgeries to directly alleviate the obstruction are not possible, pharmacologic options are essential in managing burdensome symptoms and improving quality of life. Early Palliative Care referral can also assist with symptom management, emotional support, clarification of goals of care, and transition to the outpatient setting. While patients with inoperable MBO have a poor prognosis, hospitalists can play a vital role in alleviation of suffering in this devastating complication of advanced cancer.
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